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Overview
1. Department of Neurosurgery at the University Hospital 
Zurich
2. Assessment of brain arteriovenous malformations (bAVM)
3. Treatment of bAVM at our department
4. Tenets of bAVM surgical resection
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City of 
Zurich, 
Switzerland
• 92 km2
• 400,000 inhabitants
• Ranking 2 on quality of living
• Referral population 2,000,000
• National and international
cerebrovascular reference center 
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Department of Neurosurgery at University Hospital Zurich
− Largest Swiss cerebrovascular center
− Affiliated to University of Zurich
− Part of Clinical Neuroscience Center Zurich
− 1,200 surgeries per year including all neurosurgical pathologies
− In 1937 founded as first department of neurosurgery in Switzerland (prof. H. Krayenbühl)
− First EC-IC bypass by prof. M.G. Yaşargil (1967)
− Prof. M.G. Yaşargil elected as neurosurgeon of the century (1999)
− World renowned neurosurgical department which is led by prof. L. Regli since 2012
BRAIN OUR PASSION
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Assessment of brain arteriovenous malformations
− Patients admitted to the Clinical Neuroscience Center Zurich
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patients enrolled in database patients got treatment
cumulative pts enrolled in database cumulative pts got treatment
− Prospective collection of patient and bAVM characteristics:
• medical history
• clinical presentation
• medication
• neurological status
• neuropsychological assessment
• grading and location of bAVM:
• hemorrhage
• epilepsy
− Standard operating procedures (SOPs)
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1. Clinically relevant investigations:
• CT-angiography
• MR-angiography with dedicated AVM-protocol
• DSA
2. Specialized and research oriented investigations:
• measuring cerebrovascular reserve (CVR) with MRI-BOLD
• assessment of flow with NOVA MRI   
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• To predict clinical behaviour of bAVM and investigate
potential new treatment options
• Single-cell sorting of endothelial cells:
• FACS
• Single-cell sequencing
• Single-nuclear sequencing
→ to map the transcriptome and identify key-molecular
factors associated with clinical behaviour of the bAVM
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Treatment of brain arteriovenous malformations at the University 
Hospital Zurich
− Goal: to treat patients with maximal safety and aimed at a long-term optimal quality of life
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Microsurgical resection
Embolisation
Stereotactic radiosurgery
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Treatment of brain arteriovenous malformations at the University 
Hospital Zurich
− Close collaboration between departments in the Clinical Neuroscience Center Zurich
− Highly specialized neurovascular specialists:
• prof. L. Regli, dr. M.R. Germans (neurosurgery)
• dr. Z. Kulcsar, prof.em. A. Valavanis (neurointerventional radiology)
• dr. M. Brown (radiosurgery)
− Weekly multidisciplinary vascular meeting
− When decided for treatment of bAVM by any modality → complete obliteration of bAVM with
preservation of normal neurological function
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Tenets of brain AVM 
surgical resection
Convexity (Pallial) AVMs        139  
  
  
C-D Carotid angiography 
showed in early and late arterial 
phase the AVM located under 
the opercular area supplied by 
terminal and transit arteries. E 
Frontal view showed both 
feeders arising from M 1, and 
the deep extension of the AVM 
medial to the insula. F Single 
draining vein coursed towards 
insular and basal vein. Note 
stenosis of distal basal vein 
(arrow). G Artistic diagram of 
the insular AVM with saccular 
aneurysms. The malformation 
was dissected from the transit 
arteries and completely 
removed (1985). Postoperative 
course: severe left hemi-
paresis, full recovery within 3 
days. Full working capacity. 
Fig4.48H-l
Convexity (Pallial) AVMs        193  
 
Fig 4.81   Artistic drawing of left cerebellopontine subarachnoidal, epipial AVM around the nerves V-XI. 
108        Special Surgical Considerations 
Fig 4.32   Artistic drawing of a right sided large parietal AVM, 
with feeders from ACA, MCA and PCA. Technically, large or 
even giant AVMs of the parietal lobe can be excised 
completely, but the postoperative course remains 
unpredictable. 
Therefore, the decision for surgery, embolization or irradi-
ation seerns to us hazardous, at least for large AVMs of the 
dominant hemisphere. The expection that MR) would show 
us clearly the demarcation of the lesion has not been fulfilled. 
56        Special Surgical Considerations 
  
Fig 4.2 Artistic view of a lateral 
fronto-dorsal cortical-subcortical 
AVM extending to the frontal 
horn. 
  
Fig 4.3   Artistic view of a 
deep frontal AVM of inferior 
frontal gyrus after dis-
section of sulcus. 
172        Special Surgical Considerations 
  
 
Fig 4.66   Artistic drawing of a small left sided superior cerebellar AVM. 
Fig 4.67A-G   A 26 year old male presented with SAH and left 
sided cerebellar symptoms. 
A CT showed a left sided AVM located in the anterior 
quadrangular lobe. 
B-C Vertebral angiography showed the cortical-subcor-tical 
AVM. 
D-E The venous drainage occurred through a lateral 
cerebellar vein, 
Note absence of left transverse sinus. The lesion was 
completely removed (1983) through a left sided suboccipital 
supracerebellar approach. Postoperative course uneventful. 
Left sided hemiataxia remained; 50% working capacity. F-G 
Postoperative CT. Optime = 3 hours, Transf. = 0, Disch. = 
18 days. 
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Fig 4.35   Artistic view of case 3.48 in Vol. IIIA. 
A-v-fistula between M 1 and a Sylvian vein. The varix was located over limen insulae. 
 
Fig 4.36   Artistic drawing of a dorsal middle temporal AVM which is hidden in depth of the sulcus (case 4.37 p. 114). 
Tenets of brain AVM surgical resection
1. Preoperative assessment
2. Approaching the bAVM
3. Dissection of the bAVM
4. Resection of the bAVM
5. Preventing complications
6. Postoperative imaging
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Tenets of brain AVM surgical resection
1. Preoperative assessment
2. Approaching the bAVM
3. Dissecting the bAVM
4. Resecting the bAVM
5. Preventing complications
6. Postoperative imaging
1. Occlude the main draining vein
2. Take out the AVM
3. Send it for histology and research
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Tenets of brain AVM surgical resection
1. Preoperative assessment
2. Approaching the bAVM
3. Dissecting the bAVM
4. Resecting the bAVM
5. Preventing complications
6. Postoperative imaging
1. Meticulous hemostasis
2. Increase blood pressure by 20% for 5-10 mins.
3. Postoperative restricted systolic blood pressure for 24-48 hrs.
• depending on AVM-grade and intraoperative course
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Tenets of brain AVM surgical resection
1. Preoperative assessment
2. Approaching the bAVM
3. Dissecting the bAVM
4. Resecting the bAVM
5. Preventing complications
6. Postoperative imaging • Native CT/MRI within 24 hrs. after surgery
• DSA within 48 hrs. after surgery 
• MR-angiography at follow-up
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The Clinical Neuroscience Center Zurich has 
highly skilled physicians and the resources to
treat brain AVMs safely and with minimal risks
with the goal to achieve an optimal quality of life
in brain AVM patients
Brain arteriovenous malformation team of 
the University Hospital Zurich
J. Fierstra, MD, PhD
M. Sebök, MD
B. van Niftrik, MD
G. Esposito, MD, PhD
A. Keller, PhD
W. Sun, MD
Prof. L. Regli, MD
M.R. Germans, MD, PhD
O. Bozinov, MD 
Z. Kulcsar, MD
Prof.em. A. Valavanis, MD
M. Brown, MD
Menno R. Germans, vascular neurosurgeon
Department of neurosurgery, Clinical Neuroscience Center
University Hospital Zurich, Switzerland
Menno.Germans@usz.ch
Thank you!
